Experimental data, derived from the study of interactions between MeV heavy ions and gaseous targets, are presented which illustrate important physical aspects such as the dependence of cross sections on projectile velocity, and projectile and target atomic numbers. Included are data which reflect the importance of the electron binding energy, the existence of shell effects, the possibility of target polarizability, and the presence of non-additivity and density effects in electron loss processes. Charge state yield versus scattering angle, a prescription for relating total single electron loss cross section per atom atomic and molecular target data and formulas which predict electron loss cross sections with reasonable accuracy are also given.
Introduction
Theoretical and experimental studies of collisional processes which occur during interactions of high energy particles with matter has provided much of the fundamental information which has led to our present understanding of atomic systems and atomic system structures. Such A rather extensive amount of data has been accumulated on the latter subject by several experimental groups much of which is included in the review articles by Nikolaev,1 Betz As a result of such collisional processes, the energy of the ion beam gradually degrades. Considerable efforts have been made by several experimental groups toward improving the understanding of the basic energy loss mechanisms which take place as heavy particles penetrate matter. Projectile energy losses at energies below nuclear excitation levels are attributable to elastic nuclear and electronic encounters, discrete electronic excitations accompanied by radiation, and electron capture and loss processes. The relative importance of the particular mechanism depends on the velocity of the particle in the medium in which it passes. Projectile capture and loss at projectile velocities of the order of the orbital velocities of the electrons being captured or removed are important energy transfer processes which are readily accessible experimentally through measurement of the relevant cross sections. In the present paper, selected data from the literature will be presented which illustrate important aspects of electron loss cross sections for high energy heavy ions traversing gaseous targets. The rather extensive amount of data which has been accumulated on 0018-9499/81/0400-l043$00 75 t) 1981 IEEE the subject and the requirement of brevity, necessarily limits the amount of data presented and their discussions. The reader is referred to the review articles cited and other included references for more comprehens ive information.
Scattering Studies
The study of the scattering of high energy heavy ions from specific targets can provide detailed information concerning Fig. 1 . The system has been described previously by Alton et aZ. 6 The device consists of a beam collimation system for defining a momentum analyzed ion beam of prescribed energy and charge state, a beam monitor system for measuring the intensity of the ion beam used in the experiment, a differentially pumped gas cell into which target gases are introduced, an electrostatic charge state analyzer for dispersing beams of differing charge which Fig. 4 . MeV "10+ and Xe. (Bridwell et Fig. 12 . The final charge state q = 8 corresponds to the argon-like electronic configuration. A gradual transition occurs between the two effects with number of electrons removed. These data indicate implicitly, a decrease in impact parameter as q increases. Projectile penetration of the molecule at low impact parameters may result in collisions with more than one constituent. High collision frequencies during the passage of the projectile through the molecule may enhance electron loss due to ionization and excitation in initial collisions followed by successive interactions before radiative decay takes place. This model is also used to explain differences in the charge state distributions observed for gas and solid strippers. the signle electron loss atomic data. The formula allows one to estimate Z2/n and is given by 1= i t ) Z2 zi (1) where the sum extends over all constituents in the molecule. Expression (1) Fig. 13 . We note that all measured molecular target data increase monotonically with Z2/n and fall along a curve which passes through the noble gas atomic data. The solid line in Fig. 13 is computed from a modified Bohr formula (see discussions below and in reference 18). We note the theoretical curve departs from the measured values at a Z2/n of <10. This is expected since the formula was developed by Bohr23 for heavy ion-heavy target interactions. (4) where the quantity 13.6 is the ionizational potential of the hydrogen atom.
Expression (4) was tested by comparing the computed results with measured single electron loss cross section data. The solid line shown in Fig. 13 (For molecular target, it is necessary to use the effective target atomic number given by expression (1) in either of formulas (4) or (5) for calculating loss cross sections per atom.)
Conclus ions
From the studies of electron loss processes which occur in high energy heavy ion target interactions which have been made to date, many interesting and important aspects of these processes have been discovered which has led to a broader understanding of the energy transfer mechanisms involved. Several examples, shown in the text, illustrate some of the effects which are characteristic of these loss processes. Although several studies have been made and a significant data base has been established from which general trends or expected effects can be estimated, it is clear that more studies need to be made. For example, few velocity dependent measurements have been made involving the loss of large numbers of electrons and few scattering experiments have been conducted at these projectile energies from which more detailed understanding of the dynamics involved in such collisions can be obtained. The results from such Table 2 Test of Equation (5 experiments can be used to develop realistic interaction potentials by comparing observation with theory. It is clear that the data base should be extended by including many more projectiles, projectile energies, and initial charge states, etc. so that sufficient data is available for developing an adequate theory for these interactions. Such theories do not exist for description of these complex processes.
